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CLAIMS 



(57) [Claim(s)] 

It is Rechargeable Battery Which Consists of Positive Electrode, Negative Electrode, a 
Separator, and Nonaqueous Electrolyte at Least as a Component, and Has Electromotive 
Force beyond 3.9V. 1. As a Positive Electrode LiCo02 and/or LiNi02 are used and it is 
carbon (in O.K A<100, the BET adsorption method specific surface area A (m2/g)) as a 
negative electrode, and the value of the crystal thickness Lc in an X diffraction (A), and 
true density rho (g/cm3) - conditions 1.80 -- < - rho< 2,18, 15<Lc, and 120rho-227 - < 
-- the carbonaceous ingredient in the range which fills Lc<120rho-189 is removed. The 
rechargeable battery characterized by using. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[Industrial Application] 

This invention relates to a new rechargeable battery and also small, and a lightweight 
rechargeable battery. 
[Description of the Prior Art] 

In recent years, the miniaturization of electronic equipment and lightweight-izing are 
remarkable, and its request of the formation of small Hghtweight is very large also to the 
cell which serves as a power source in connection with it. Although small lightweight 
cells, such as a lithium cell, were already put in practical use in the field of the primary 
cell, although these were primary cells therefore, they could not be used repeatedly, but 
the application field was restricted. On the other hand, in the field of the rechargeable 
battery, although the lead cell and the nickel-cadmium cell have been used 
conventionally, both have the big trouble in respect of the formation of small lightweight. 
Although the nonaqueous rechargeable battery has attracted attention very much from 
this viewpoint, it has not yet resulted in utilization. One of the reason of the is in the point 
that what is satisfied with the electrode active material used for this rechargeable battery 
of practical use physical properties, such as cycle nature and a self-discharge property, is 
not found out. 

The electrode active material of the new group using the intercalation or doping 
phenomenon of the stratified compound which is a reaction format which is essentially 
different from the conventional nickel-cadmium cell, a lead cell, etc. on the other hand 
attracts attention. 

The extremely excellent charge-and-discharge cycle nature is expected from this new 
electrode active material not causing a complicated chemical reaction in the 
electrochemical reaction in the charge and discharge. Especially, using carbon as an 
active material is proposed and it attracts attention. 

On the other hand, metal cull scorch night compounds, such as TiS2 and MoS2, etc. were 
conventionally considered as a positive-electrode ingredient. However, when these things 
combined with carbon, the engine performance to the extent that electromotive force was 
expected small was not found out. 
[Problem(s) to be Solved by the Invention] 



Like the above-mentioned, selection of positive active material was left behind as a very 
important technical problem in the rechargeable battery which used carbon as a negative- 
electrode active material. 
[The means and operation] for solving a trouble 

This invention solves the above-mentioned trouble, and it is made in order to offer the 
small lightweight rechargeable battery of the cell engine performance especially the high 
performance excellent in output characteristics, and a high energy consistency. 
It is the rechargeable battery which consists of a positive electrode, a negative electrode, 
a separator, and nonaqueous electrolyte at least as a component according to this 
invention, and has the electromotive force beyond 3.9V. As a positive electrode LiCo02 
and/or LiNi02 are used and it is carbon (in O.K A<100, the BET adsorption method 
specific surface area A (m2/g)) as a negative electrode, and the value of the crystal 
thickness Lc in an X diffraction (A), and true density rho (g/cm3) - conditions 1 .80 - < - 
- rho< 2.18, 15<Lc, and 120rho-227 ~ < -- the carbonaceous ingredient in the range 
which fills Lc<120rho-189 is removed. The rechargeable battery characterized by using 
is offered. 

Although not limited, if the example is given especially with the carbon as used in the 
field of this invention High surface area carbon materials, such as activated carbon given 
in JP,58-35,881,A, JP,59-173,979,A, JP,59-207,568,A, etc.. Or baking carbide, such as 
phenol system resin given in JP,58-209,864,A etc., Moreover, a condensation polycyclic 
hydrocarbon given in JP,61-1 1 1,907,A, The carbon whisker obtained by carbonization of 
a heterocycle polycyclic compound, the vapor growth carbon fiber of a Japanese Patent 
Application No. [ according to this invention persons further / No. 103,785 / 61 to ] 
publication, Pitch system carbide (however, the BET adsorption method specific surface 
area A (m2/g) in O.K A<100) etc. and the value of the crystal thickness Lc in an X 
diffraction (A), and true density rho (g/cm3) - conditions 1.80 - < - rho< 2.18, 15<Lc, 
and 120rho-227 - < - the carbonaceous ingredient in the range which fills Lc<120rho- 
189 is removed. It is mentioned. 

When the carbon applied like the above-mentioned was used as a negative electrode, 

selection of the positive electrode to be used is very important, and this invention persons 

found out that the cell engine performance which was extremely excellent with the 

combination of LiCo02 and/or LiNi02, and carbon was obtained. 

LiCo02 and LiNi02 which are used by this invention are manufactured by the baking 

reaction with lithium compounds, such as a lithium carbonate and lithium oxide, cobalt 

and/or the metal of nickel and an oxide, a hydroxide, a carbonate, or a nitrate. 

The rechargeable battery with new forward [ by this invention ] and combination of a 

negative electrode is that electromotive force is very as high as 3.9V-4.2V as the 1st 

description. 

therefore ~ although a carbon negative electrode shows the potential change before and 
behind IV with the discharge like the above-mentioned - the rechargeable battery of this 
this invention - setting ~ a negative-electrode side ~ 1 V - even if a near voltage drop 
occurs, the electrical potential difference of the range practical still enough is 
maintainable. 

As the 2nd description, each of carbon, and LiCo02 and LiNi02 is very stable 
compounds, can perform cell assembly easily and become a big advantage industrially. 
As a source of Li required for charge and a discharge reaction, it has already contained in 



LiCo02 and LiNi02, and when using other positive-electrode ingredients 2, for example, 
TiS, and V6013 grade, it is not necessary to use [ like ] a metal lithium etc. as a source of 
Li as the 3rd description, at the time of cell assembly. This is a industrial very big 
advantage. 

The electrode using the active material of said this invention as a basic component in the 
case of assembling the nonaqueous rechargeable battery of this invention and also a 
separator, and nonaqueous electrolyte are mentioned. Although are not limited especially 
as a separator, and textile fabrics, a nonwoven fabric, a glass cloth, the synthetic-resin 
fine porosity film, etc. are mentioned, when using a thin film and a large area electrode 
like the above-mentioned, the synthetic-resin fine porosity film indicated by JP,58- 
59072,A, especially the polyolefine system fine porosity film are desirable in respect of 
thickness, reinforcement, and membrane resistance. 

Although not limited especially as an electrolyte of nonaqueous electrolyte, if an example 
is shown, LiC104, LiBF4, LiAsF6, CF3S03Li, LiPF6, Lil, LiAlCM, NaC104, NaBF4 
and Nal, 4 (n-Bu) N**C104, 4 (n-Bu) N**BF4, and KPF6 grade will be mentioned. 
Moreover, as an organic solvent of the electrolytic solufion used, although ether, ketones, 
lactone, nitril, amines, amides, a sulfur compound, chlorinated hydrocarbons, ester, 
carbonate, a nitro compound, a phosphoric ester system compound, a sulfolane system 
compound, etc. can be used, for example, ether, ketones, nitril, chlorinated hydrocarbons, 
carbonate, and a sulfolane system compound are desirable also among these. 
Furthermore, it is annular carbonate preferably. 

As these examples of representation, a tetrahydrofuran, 2-methyl tetrahydrofuran, 1,4- 
dioxane, an anisole, mono-glyme, an acetonitrile, Propionitrile, 4-methyl-2-pentanone, 
butyronitrile, Valeronitrile, a benzonitrile, 1,2-dichloroethane, gamma-butyrolactone, 
Dimethoxyethane, a methyl FORU mate, propylene carbonate. Although ethylene 
carbonate, vinylene carbonate, dimethylformamide, dimethyl sulfoxide, a dimethyl thio 
formamide, a sulfolane, a 3-methyl-sulfolane, trimethyl phosphate, phosphoric-acid 
triethyl, these mixed solvents, etc. can be raised It is not necessarily limited to these. 
Furthermore, if it requires, a cell is constituted using components, such as a charge 
collector, a terminal, and an electric insulating plate. Moreover, especially as structure of 
a cell, although not limited, if it requires further, the gestalt of a positive electrode, a 
negative electrode, the paper mold cell that used the separator as the monolayer or the 
double layer when requiring further, a laminating mold cell or a positive electrode, a 
negative electrode, the cylindrical cell around which the separator was wound in the 
shape of a roll will be mentioned as an example. 
[Effect of the Invention] 

It is a small light weight, and the cell of this invention is especially excellent in a cycle 
property and a self-discharge property, and very useful as power sources the object for 
small electronic equipment, the object for electric vehicles, for stationary energy storage, 
etc. 

[Example] 

Hereafter, an example and the example of a comparison explain this invention in more 
detail. 

Example 1 After mixing 33.3 mol of LiCO(s), and 3O42.0 mol of Co(es), it calcinated at 
870 degrees C in air for 8 hours, and LiCo02 was obtained. It applied to the aluminum 
foil (ISmicro) of the back IcmxScm angle which made the dimethylformamide solution 



(2-% of the weight concentration) 100 weight section of polyvinyhdene fluoride 
distribute the graphite powder of the powder 100 weight section of this LiCo02, and 20 
weight sections, and the 125micro positive electrode was obtained at the time of 
desiccation. 

On the other hand, after making the dimethylformamide solution (4-% of the weight 
concentration) 100 weight section of a polyacrylonitrile distribute the powder 100 weight 
section of lOmicro of mean diameters of needle coke (Koa-SJ-Coke by Koa Oil Co., 
Ltd.), it applied to the copper foil (lOmicro) of a IcmxScm angle, and the 75micro 
negative electrode was obtained at the time of desiccation. 

The propylene carbonate solution of l.OM lithium perchlorate was used as the electrolytic 
solution, the 35micro polyethylene fine porosity film was used as a separator again, and 
the cell shown in Fig. 1 was assembled. 

When it charged by 5mA constant current, open end child electrical-potential-difference 
3.95V were shown. It discharged to 1.5V by 5mA constant current after that. It charged 
by 5mA constant current after this for 1 hour, and the discharge cycle to 1.5 V was 
repeated by 5mA constant current. 

The cell engine performance at this time is shown in the 1st table. 

Example of reference In the example 1, instead of 3O42.0 mol of Co(es), six mol of 

NiO(s) were used, it calcinated at 900 degrees C in oxygen for 48 hours, and LiNi02 was 

obtained. 

Open end child electrical-potential-difference 3.83V were indicated to be ****** for the 
cell by the same actuation as an example 1 using this LiNi02 at the time. 
Example 1 of a comparison It applied to the aluminum foil (15micro) of the back 
lcmx5cm angle which made the dimethylformamide solution (2.0-% of the weight 
concentration) 100 weight section of polyvinyhdene fluoride distribute the powder 100 
weight section of a banazin san ghost and the powder graphite 20 weight section which 
have the presentation of V6013, and the 125micro positive electrode was obtained at the 
time of desiccation. 

The cell shown in Fig. 1 using the positive electrode which stuck the lithium metallic foil 
rolled out to the above-mentioned positive electrode was created using the completely 
same negative electrode as what was created in the example 1 . 

When cell evaluation was carried out by the same approach as an example 1, open end 
child electrical-potential-difference 3.20V were shown. 
The engine performance of this cell is shown in the 1st table. 
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